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@ Membrane filtration apparatus. 

| © A membrane filtration apparatus comprises a <*. 
' membranes assembled to define filtrate compartments (4) bet- 
' ZS<1,2)ofmerr*raiiesa*d^^ 

between the membrane pairs. Intet and outlet P^H.-)^ 

conductirflconcerfratetoamlfr^ 
= mulftpilcily of conduits extending transversely through the stack 

' areaof the membranes so that at least each Wet port and outlet 

outlet ports andinlet ports, ™^ v **>!* h * X ^fJl 
Z concentrate flow channels is independent of the size and 
* gS,7L membranes and is determined by She defence 
^ between adjacent inlet and outlet ports. 
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Membrane filtration apparatus 

The present invention relates to a membrane 
filtration apparatus for ultra filtration, microfiltration 
or reverse osmosis. More specifically, the invention 
relates to a membrane filtration apparatus of the plate 

5. type, i.e. comprising a plurality of membrane elements 
held together in a stack, said elements being supported 
and sealed relative to each other to form flow channels 
for fluid to be filtered and filtrate receiving compartments 
on opposite sides of the respective membrane elements, 

10. inlet and outlet ports communicating with said flow 
channels for said fluid to flow across the membrane 

, elements through said flow channels, and a filtrate outlet 
communicating with said filtrate receiving compartments. 

In industrial ultrafiltration convection along 
15. membrane surfaces is enforced to achieve the highest 

possible productivity, i.e. highest possible flux through 
the membranes. Therefore, the membrane apparatus is 
always designed for convection on the concentrate side 
from inlet to outlet. With respect to the concentrate 
20. flow, within both the turbulent region and the laminar 
region, the flux increases with increased flow velocity. 
Since increased flow velocity requires higher pumping 
power, the dimensioning of industrial membrane modules 
always implies a compromise between power requirement and 
25, flux. . 
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The mala reason that increased flux requires 
rapidly increasing pump capacity is the so called 
concentration polarization, i.e. the formation at the 
membrane surfaces of layers of higher* concentration than 

5* in the central parts of the flow channels. Within the 
turbulent region, the concentration polarisation can be 
reduced or eliminated by increasing the flow velocity. 
Since, however, the power requirement increases very 
rapidly in comparison with gained capacity in form of 

10* increased flux, the greatest possibilities for improving 
the process economy for industrial ultrafiltration 
would seem to be by use of laminar flow in thin, preferably 
short flow channels, whereby a better ultilization of the 
pumping power is achieved* 

15. With laminar flow the concentration polarisation 

is reduced by increased shear forces between the fluid 
and the membrane surface. The shear forces can be 
increased on one hand by reduced channel height and on 
the other hand by increased flow velocity* Furthermore 

20* it is known that the concentration polarization increases 
with the channel length, and consequently short parallel 
flow channels should be aimed at. 

In the ultrafiltration apparatuses in current 
use, the length of the flow channels is determined by the 

25. shape and the size of the membrane plates since the 
concentrate flows either in essentially one direction 
from one inlet or a set of inlets at one end of the 
membranes to one outlet or a set of outlets at the other 
end of the membranes, or - in the case of circular plate 

30* apparatus - in the radial direction either from the centre 
to the periphery or vice versa. Thus, the channel length 
is directly related to the length or the radius of the plate 
elements* 
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Since means for sealing and supporting of the 
plate elements, the inlet and outlet ports for concentrate, 
and the outlet for the filtrate require certain minimal 
space, short channels for the concentrate flow implies 
5o poor utilization of the available membrane surface. 

On the other hand, it should be noted that with the use of 
long channels - which should provide better utilization of 
the available membrane surface, although at the same time 
suffer the abovesaid disadvantage of increasing 

10. concentration polarization in the flow direction - a 

practical upper length limit is reached fairly soon due 
to large pressure drops per unit length. Therefore, it 
is not a matter of mere accident that ultrafiltration 
modules of plate type present on the market exhibit channel 

15. lengths which vary between a few decimeters and some metres. 

It should be further noted that plate apparatuses 
with small membrane surfaces, apart from providing a larger 
proportion passive membrane surface, also require longer 
sealing per filter area which increases the plant operation 
20. risks. 

The present invention seeks to reduce the above 
drawbacks of the known apparatus and accordingly provides 
a membrane filtration apparatus characterized in that 
said inlet and outlet ports are formed by a multiplicity 
25. of conduits extending transversely through the stack of 
" membrane elements and sealed from the filtrate receiving 
compartments, said conduits being distributed over 
substantially the entire working area of the membrane 
elements in such an arrangement that at least each inlet 
30. port and outlet port not located next to an edge of the 
stack, has a plurality of outlet ports and inlet ports 
respectively, located adjacent thereto, whereby the 
length of the flow channels through which said fluid passes 
is independent of the siae and geometry of the membrane 
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elements and is limited to the flow distance between 
adjacent inlet and outlet ports* 

With an apparatus according to the invention 
the inter dependency between the size of the membrane 
5* elements and the length of the flow channels is eliminated 
and the desired features of short flow channels, large 
membrane elements and short sealing per membrane surface 
are combined. 

10* Instead of localising the inlet and outlet 

ports to certain positions with respect to the membrane 
element geometry* a multiplicity of inlet ^nd outlet 
openings are distributed in a particular pattern covering 
substantially the entire membrane surface. According 

15* to a preferred embodiment of the invention, pairs of 
adjacent membrane elements are joined together around 
said openings to form conduit sections sealed against the 
filtrate receiving compartments enclosed within the pairs 
of elements. The sealing of the openings through the 
membranes can be made by welding, gluing or through 

20. mechanical sealings. The pairs of elements are arranged 
in the stack with said conduit sections of the different 
element pairs coinciding with each other to forts inlet 
and outlet conduits through the stack. By arranging 
support means within the filtrate receiving compartments 

25. or spacing means between the pairs of membrane elements, 
flow channels for concentrate of suitable shape and 
channel depth are provided in free communication with 
said inlet and outlet ports. 

The nature and advantages of the invention will 
30. now be further illustrated by detailed description of a 

few embodiments given by way of example only* with reference 
to the accompanying drawings, in whichs- 
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Figure 1 is a part section view cut in parallel 
with the membrane elements through a membrane stack 
embodying the invention; 

Figures 2 and 3 are part sections of the 
5 # membrane stack taken along the lines II *- II and III-III, 
respectively in Figure 1; 

Figure k is a part section view parallel with 
the membrane elements and showing an alternative support 
structure to the support structure shown in Figures 2 
10. and 3; 

Figure 5 shows a connection plate for use with 
the membrane stacks showi of Figures 1-4; and 

Figure 6 is a part section view parallel with 
the membrane elements through a further membrane stack 
!5- according to the invention. 

The membrane stack of Pigs. 1 to 3 comprises a 
plurality of superposed membrane elements with circular 
inlet and outlet ports distributed in a symmetrical 
rectangular array or pattern over the membrane surfaces, 

20* The inlet ports are designated by plus signs (+) and 

the outlet ports by minus signs (-)• Pairs of membrane 
elements 1, 2 are joined and sealed to each other around 
the port apertures (+, to form conduit sections 3* 
The conduit sections are sealed against the filtrate 

25. receiving compartments h which are formed by means of 

a porous support structure disposed between the pairs of 
membranes 1, 2. Protrusions 5 of the support structure 
form support points for contact between successive membrane 
pairs 1, 2 in the regions between the inlet ports and 

30. the outlet ports* The filtrate receiving compartments k 
are connected through the porous support structure with 
the filtrate outlet ports 6 provided in the periphery of 
the stack. The filtrate receiving compartments k are 
sealed along the edges of the stack in any convenient way, 

35. for example by replacing the porous structure at the 
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membrane edges by some sealing material (not shown)* 

Between successive membrane pairs 1, 2 concentrate ' 
flow channels 7 are formed. From each inlet port (*), 
except those next to the membrane edges, there extend four 

5« equal flow channels 7 in different main directions 

towards the four symmetrically located adjacent outlet 
ports (-)* Each outlet port except those next to 

the membrane edges, is similarly surrounded by four 
symmetrically disposed inlet ports {+) to receive therefrom 

10, concentrate flowing from the inlet ports through four 

equal flow channels 7- Each support point 5 is located 
at the centre of a square area having two inlet ports at 
one pair of diagonally opposite corners and two outlet 
ports at the other pair of diagonally opposite corners, 

^* i.e* in the "division point 11 between the concentrate flows 
through the four flow channels 7 having main flow directions 
along the sides of said square* 

In the embodiment according to Figs* 1 and 3 the 
available channel width of each flow channel 7 is largest 

20* in\the middle region between an inlet port {+) and an 
outlet port («) and becomes smaller towards the ports* 
To achieve an optimal flow distribution over the entire 
available channel width, the flow channels 7 are designed, 
as can be seen in Fig. 3, with a greater channel depth 

25* in the sections of the flow channels close to the inlet 
and outlet ports and with a smaller channel depth in the 
intermediate section of the flow channel. In Fig. 3 
the height scale is considerably exaggerated. In reality 
the hteight of the flow channel 7 is in the range of 

30- 0*05^0*5 mm and the thickness of each membrane pair 1, 2 
is in the range of 0.5-2 mm* 



The areas of the inlet and outlet ports are 
dimensioned so that the main part of the pressure drop 
between the inlet and the outlet of the device is obtained 
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in the flow channels 7 formed between the successive 
membrane pairs 1, 2. If, for a certain number of 
membrane pairs in the stack with a certain opening area, 
too high a flow resistance is obtained in the inlet and 

5 # outlet ports when feeding concentrate from one end of 
the stack, connection plates can be arranged at both 
ends of the stack for feeding and discharging the 
concentrate. A connection plate can also be provided 

within the stack to serve the two stack sections located on 

10* either side of the connection plate. 

Figure 4 shows an alternative way to provide 
support points for the membranes and to achieve a suitable 
channel height for the flow channels 7« A network 
structure 8, 9 is arranged between the successive 
15„ membrane paixs 1, 2. By localising grid elements 8 along 
a row of outlet ports (-) and grid elements 9 perpendicular 
to the element 8 along a line of inlet ports ( + a minimal 
disturbance of the concentrate flow in the flow channels 
7 is obtained. 

20, 1 Figure 5 shows a connection plate 10 designed 

to serve as an inlet and outlet manifold for the 
concentrate flows and to be located at one end of the 
membrane stack shown in Figs. 1-3* A first 
series of parallel grooves 11 are located to coincide with 

25» parallel rows of outlet ports ( + )* For sealing against 
the first membrane pair 1, 2 a plane intermediate plate 
(not shown) provided with apertures coinciding with 
the inlet and outlet ports can be fixed between the outer 
membrane and the connection plate 10- The grooves 11 

30. communicate at two edges of the plate 10 with deeper 

grooves 12, which are connected with a concentrate inlet 
13 # Similarly, the outlet ports (-) communicate through 
apertures in the intermediate plate (not shown) with a 
second series of parallel grooves lk in plate 10, and 

35 # which grooves through deeper grooves 15 along the remaining 
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two edges of the plate 10 are connected with a concentrate 
outlet l6* A further groove 17 is provided at one edge 
of the plate 10 to connect through said intermediate 
plate the filtrate outlet ports 6 with a filtrate outlet 

The connection plate 10 and said perforated 
plane intermediate plate can of course be combined in 
one plate having apertures coinciding with the inlet and 
outlet ports through the stack* A connection plate or 

10* plate combination to be placed within the stack to serve 

the two parts of the stack on either side of the connection 
plate is suitably connected with inlet and outlet ports by 
means of a channel system provided within the plate and 
openings at both sides of the plate coinciding with the 

15, inlet and outlet ports, said channel system further being 
connected to an inlet and outlet for concentrate. 

Fig. 6 shows a further embodiment of the invention. 
Each membrane element is provided with a multiplicity of 
elongated parallel openings 20, 21* every second opening 

20 * 20 forming an inlet port and the remaining openings 21 

forming outlet ports for distribution of concentrate from 
the inlet ports, except those next to the edge of the stack, 
in essentially two opposite directions to two adjacent outlet 
ports 21 • Between each inlet port 20 and adjacent outlet 

25» port 21 there are provided flow channels. 22 for concentrate, 
in which channels support points 23 are provided at suitable 
distances from each other* As for the above described 
embodiment, pairs of membranes are suitably joined around 
said openings 20, 21 to form between them filtrate receiving 

3^« compartments sealed against said concentrate flow channels, 
the filtrate receiving compartments being connected with 
filtrate outlet ports 24 at the periphery of the stack, 
Without any substantial change of the flow pattern, the 
elongated inlet and outlet ports can be replaced by rows 

35* of preferably round openings through the membranes, which 
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openings are located at essentially shorter distance 
from each other than the distance between neighbouring 
rows. In accordance with the above described embodiment, 
a connection plate can be used which is provided with 
5. two series of parallel grooves, every second one of which 

communicates with the inlet ports and the remaining 

grooves communicating with the outlet ports. 

From the foregoing description of the 
exemplary embodiments it will be understood that a 
10. great number of different patterns of inlet and outlet 
ports can be designed within the scope of the invention. 
The common feature for all those imaginable patterns xs 
that a certain specific flow pattern for the concentrate 
flow between two membrane elements from one inlet port 
15. to a plurality of surrounding outlet ports can be 
identified within a fraction of the total membrane 
surface and that this flow pattern is repeated several 
times over the remaining parts of the membrane surface, 
whereby concentrate flow channels of desired short length 
20. are obtained completely independent of the membrane element 
size and shape. 
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CLAIMS: 

1. A membrane filtration apparatus comprising a 

plurality of membrane elements (1,2) held together in 
a stack, said elements being supported and sealed 
relative to each other to form flow channels (7) for 
fluid to be filtered and filtrate receiving compartments 
(4) on opposite sides of the respective membrane 
elements, inlet and outlet ports communicating with 
said flow channels (7) for said fluid to flow across 
the membrane elements (l, 2) through said flow 
channels (7), and a filtrate outlet (6) communicating 
with said filtrate receiving compartments (4), 
characterised in that said inlet and outlet ports 
( + , -) are formed by a multiplicity of conduits 
extending transversely through the stack of membrane 
elements (l, 2) and sealed from the filtrate receiving 
compartments (4), said conduits being distributed over 
substantially the entire working area of the membrane 
elements in such an arrangement that at least each 
inlet port (+) and outlet port (») not located next 
to an edge of the stack has a plurality of outlet 
ports {») and inlet ports (+), respectively, located 
adjacent thereto, whereby the length of the flow channels 
(7) through which said fluid passes is independent of 
the size and geometry of the membrane elements and is 
limited to the flow distance between adjacent inlet 
and outlet ports (*, -)* 

2* A membrane filtration apparatus according 

to claim 1, wherein said plurality of ports adjacent each 
inlet port (+) and outlet port (-) are spaced 
equidistantly therefrom. 
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3. A membrane filtration apparatus according to 
claim 1 or 2, wherein a multiplicity of openings 

-) are provided through each membrane element 
and distributed according to a predetermined pattern 
over substantially the entire working area of the 
element, pairs of adjacent membrane elements (1, 2) 
being joined around said openings ( + , ~) to form 
sections (3) of said conduits sealed from the filtrate 
receiving compartments, said conduit sections being in 
free communication with the flow channels (7) on either 
side of said element pairs (1, 2), and the element pairs 
being arranged in the stack with said conduit sections 
(3) of the different element pairs aligned with each 
other to form said conduits through the stack* 

4. A membrane filtration device according to 
claim 3, wherein the membrane elements (1, 2) of 

each pair are firmly joined to each other around said 
openings (+, by welding or gluing. 

5* A membrane filtration apparatus according to 

any one of the preceding claims, wherein said inlet and 
outlet ports { + , ») are so distributed over the surface 
of the membrane elements that fluid passing through one 
inlet port ( + ) flows in essentially four different 
main directions to four adjacent inlet ports and 
fluid passing through one outlet port (--) comes from 
four surrounding inlet ports (+)# 

6. A membrane filtration device according to 

claim 5, wherein a flow channel (7) for said fluid 
to be filtered, formed between two adjacent membrane 
elements and extending from one inlet port ( + ) to one 
of said adjacent outlet ports (-) has a greater channel 
depth in the parts of the flow channel located near 
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the inlet and outlet ports, and a smaller channel depth 
in the intermediate parts of the flow channel (7). 

7. A membrane filtration apparatus according to 

any of the claims 1-4, wherein said conduits (20, 21) 
are arranged in a multiplicity of rows, essentially 
at the same distance from each other and extending 
across the membrane elements, every single row comprising 
either an elongated port or several ports of the same form 
spaced apart at a distance essentially shorter than the 
distance between two adjacent rows, so that each inlet 
port row (20) and outlet port row (21) not located next 
to an edge of the stack is disposed between two outlet 
port rows and two inlet port rows, respectively, so that 
fluid flows to each said outlet port and from each said 
inlet port in substantially two opposite directions. 

8 . A membrane filter apparatus according to any one 

of the preceding claims, wherein adjacent membrane 
elements between which said flow channels are formed 
contact each other directly at support points (5, 23), 
said support points being formed by protrusions of support 
ra eans provided between two membrane elements between 
which said filtrate receiving compartments (4) are 
confined. 

o. A membrane filter apparatus according to any 

of the claims 1-7, wherein a reticular support structure 
(8, 9) is arranged between two adjacent membrane 
elements between which said flow channels (7) are formed. 

10 . A membrane filter apparatus according to any of 

the claims 1-6, wherein at least one connection plate (10) 
is provid ed and has a plurality of essentially parallel 
channels (11, l4) , every second channel (11) being part 
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of a system of distribution channels for parallel 
connection of a group of inlet ports ( + ) to an inlet 
(13) for said fluid, and the intervening channels (l4) 
being part of a system of collection channels for 
parallel connection of a group of outlet ports (-) 
to an outlet (l6) for said fluid, each of said channels 
having openings coinciding with said conduits for 
connecting a row of inlet ports or a row of outlet ports 
located along the channel* 

11. A membrane filtration device according to any 

of the preceding claims, wherein at least one connection 
plate is provided within the stack, the connection plate 
being provided with connection openings at both sides 
to serve two different parts of the stack* 
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Fig. 4 




